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Apstract.— Chemical composition of some major forage plants of mountain summer ranges of southeastern Utah 
is reported. Grasses are shown to contain significantly less nitrogen, phosphorus, potassium, calcium, and magnesium 
than either forbs or shrubs. Forbs and shrubs are demonstrated to differ significantly only in potassium content; forbs 
tested contained more potassium than shrubs. The chemical composition of the forage plants is discussed in relation 
to mule deer reproductive rates. It is concluded that protein and mineral content of the forage of the two ranges 
considered (the LaSal and Henry mountains) is less likely to affect reproductive rates than is the relative digestibility 


of grasses, forbs, and shrubs. 


The quality of summer forage has been 
demonstrated to have an effect on body con- 
dition, general health, and reproductive ca- 
pacity of deer (Longhurst et al. 1952, Swank 
1956, 1958, Julander et al. 1961, Verme 1962, 
1963, Yoakum 1965, Nordan et al. 1968, Sni- 
der and Asplund 1974). If the comparative 
performance of deer on different ranges is to 
be understood, the nutritional composition of 
forages consumed on both summer and win- 
ter ranges must be known. It is the objective 
of this paper to provide information on the 
chemical composition of some important for- 
age plants of the LaSal and Henry mountains 
of southeastern Utah. Previous work has 
shown that mule deer (Odocoileus hemionus) 
herds on those mountain ranges differ 
markedly in respect to reproductive rate (Pe- 
derson and Harper 1978). Pederson and Har- 
per (1978) suggested that differences in qual- 
ity of forage on summer ranges of the two 
mountain ranges might be responsible for the 
observed difference in fawn production. 

Dietary requirements for whitetailed deer 
(Odocoileus virginianus) have been reported 
by French et al. (1956), McEwen et al. 
(1957), Murphy and Coates (1966), Verme 
(1963, 1965, 1967, 1969), Ullrey et al. (1967, 
1971), and Thompson et al. (1973). Although 
there is little habitat overlap between white- 
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tails and mule deer, it seems likely that nutri- 
tional data compiled for whitetails will have 
some relevance for mule deer nutrition and 
management. Studies on mule deer food 
habits and nutrition have been made by Ha- 
gen (1939), Bissell et al. (1955), Swank (1956), 
Urness et al. (1971), McCullock and Urness 
(1973), Robinette et al. (1973), Urness et al. 
(1975), and Pack (1976). 

Recent investigations have demonstrated 
that Rocky Mountain mule deer herds resi- 
dent on the LaSal Mountains produce about 
40 percent more fawns per 100 does than do 
Henry Mountain herds (Pederson and Harper 
1978). In an attempt to identify factors re- 
sponsible for observed reproductive differ- 
ences, range condition, diseases, and para- 
sites, as well as late winter body conditions of 
the deer, were evaluated over an eight-year 
period on the two mountains. Results demon- 
strated that deer averaged larger per sex and 
age class on the LaSals than on the Henry 
Mountains, but neither diseases nor parasites 
differed significantly between herds. Like- 
wise, deer taken from the two herds could 
not be shown to differ significantly in respect 
to body condition in late winter. Winter 
ranges used by the two herds were similar in 
respect to both composition and production. 
In contrast, annual summer forage produc- 
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tion on the LaSals averaged almost 65 per- 
cent greater than on the Henries (Pederson 
and Harper 1978). Composition of the forage 
crop on summer ranges also differed sharply 
between mountains, with LaSal ranges being 
dominated by good-quality forbs while Henry 
Mountain summer ranges were heavily domi- 
nated by shrubs and grasses (Pederson and 
Harper 1978). 

In this report, the hypothesis that forage 
conditions on the summer range are respon- 
sible for the greater productivity of the LaSal 
Mountain deer herd will be investigated. Em- 
phasis is concentrated on nutritional charac- 
teristics of major forage species of summer 
ranges utilized by the two herds. 

We greatly acknowledge the help and sup- 
port given by the following Utah Wildlife 
Resources personnel: H. D. Stapley, N. V. 
Hancock, K. L. Nelson, A. Fleck, L. Hall, and 
N. K. Larsen. Thanks is extended to A. C. 
Rencher for his help with the statistical anal- 
ysis of our data and to G. Cronin for her crit- 
ical review of this manuscript. 


Stupy AREAS 


The study areas are in southeastern Utah. 
The LaSal Mountains are east of Moab in 
Grand and San Juan counties. The Henry 
Mountains lie southwest of Hanksville in 
Wayne and Garfield counties. The two areas 
are about 117 km apart. Both are laccolithic 
mountains of similar geologic age (Butler 
1920, Hunt et al. 1953). Precipitation aver- 
ages somewhat higher (about 10 percent) on 
the LaSals than the Henries for comparable 
vegetation zones (Pederson 1970). 

The LaSal herd unit encompasses approx- 
imately 221,374 ha. The highest point on the 
LaSals is Mount Peale at 3,876 m elevation. 
The Henry Mountain area includes approx- 
imately 72,886 ha; the highest point on the 
range is Mount Ellen at 3,500 m. 


METHODS AND PROCEDURES 


During late July 1976, a representative 
' range site in the aspen zone of each moun- 
tain site was visited. The study site on the 
LaSals was at Warner Lake; the Henry 
Mountain site was at Nasty Flats. At each 
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site, an area about one hectare in size was se- 
lected in aspen forest. A composite sample of 
the surface 1.5 dm of soil and the five most 
common grass, forb, and shrub forage species 
were collected for subsequent analysis. All 
aboveground parts of grasses and forbs and 
current growth (leaves and twigs) of shrub 
species were taken. Only grasses and forbs in 
flowering condition were collected; most 
shrub species were not in flower. Individual 
plants of each species were collected until a 
composite sample of over 75 g fresh weight 
was acquired. Samples were lightly packed in 
paper bags and oven dried at 80 C within 48 
hours of harvest. 

Soil samples were air dried, passed through 
a 2 mm sieve, and delivered to a commercial, 
analytical laboratory. Soil pH was deter- 
mined on a 1:1 soil-to-water mixture with a 
glass electrode meter. Texture was deter- 
mined using the hydrometer method, and ex- 
changeable cations were extracted with neu- 
tral ammonium acetate and determined by 
atomic absorption procedures. Nitrogen was 
measured using micro-Kjeldahl apparatus. 
Soil organic matter was determined by loss- 
on-ignition. 

Dried plant samples were ground through 
a 40-mesh sieve in a standard mill. Samples 
were stored in glass containers until the anal- 
yses were completed. Estimates of crude pro- 
tein were based on total nitrogen as deter- 
mined by micro-Kjeldah! procedures. All 
other elements were determined from ash, us- 
ing standard atomic absorption and color- 
imetric techniques (American Society of 
Agronomy 1965). 

Differences in chemical composition be- 
tween species belonging to different life form 
groups (i.e., grasses, forbs, and shrubs) on the 
same mountain range and between life forms 
on different mountain ranges were deter- 
mined using analysis of variance and Duncan 
multiple range test. Statistical procedures fol- 
low Snedecor and Cochran (1967). 


RESULTS 


Soils of the two study sites are both of 
loamy texture (Table 1). Soils at the LaSal 
study area were slightly more acidic than 
those at the Henry site. Soil organic matter 
and nitrogen content were somewhat higher 
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at the LaSal Mountain study area; both varia- 
bles probably reflect a somewhat better mois- 
ture balance at the LaSal site. Soils from the 
Henry Mountain site have considerably high- 
er phosphorus content and generally higher 
exchangeable cation levels than the LaSal 
soils (Table 1). 

Chemical composition of the current year, 
aboveground growth of major species, and 
current-year twig growth of important 
browse species of the summer ranges of the 
LaSal and Henry mountains are reported in 
Table 2. Average values for grasses differ sig- 
nificantly between mountain ranges. Species 
from the LaSals contain more nitrogen, po- 
tassium, calcium, and magnesium. Phos- 
phorous content of grasses did not differ sig- 
nificantly between mountain ranges. Shrubs 
of the two mountain ranges differed signifi- 
cantly for nitrogen only, with LaSal shrubs 
averaging 40 percent more nitrogen than the 
Henries. Elemental content of plants was 
strongly correlated with soil content of the 
same element for nitrogen and phosphorous 
only. Other elements showed little correla- 
tion between amounts in plants and associ- 
ated soils. 

The elemental content of grasses (all spe- 
cies polled) was significantly lower than for 
either forbs or shrubs for all elements tested. 
Few significant differences in chemical com- 
position could be demonstrated between 
forbs and shrubs. Only the potassium content 
of forbs could be shown to differ significantly 
from that of shrubs—potassium averaged 138 
percent higher in forbs (Table 2). 

The average contribution of grasses, forbs, 
and shrubs to the forage crop of summer 
ranges of the LaSals and Henries is shown in 
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Table 3. Furthermore, several analyses of the 
relative preference of mule deer for grasses, 
forbs, and shrubs during the summer season 
have been reported (Table 4). Because esti- 
mates of chemical (Table 2) and botanical 
(Table 3) composition of the summer range 
forage crop of the LaSal and Henry moun- 
tains are available, it is possible to combine 
those data with feeding preference informa- 
tion for mule deer (Table 4) and obtain esti- 
mates of the chemical composition of the 
summer diet of deer on the two ranges. 

Assuming deer select grasses, forbs, and 
shrubs in the proportions reported by any au- 
thor in Table 4, regardless of the abundance 
in the vegetation of plants in each life form 
category, the composition of the diet can be 
estimated for any element in either of the 
study areas. For example, to estimate the 
amount of phosphorus in diets of LaSal mule 
deer, assuming a feeding preference such as 
that reported by Smith (1952) in Table 4, 
sum the products of (1) average percent 
phosphorus in LaSal grasses times the pro- 
portion of grasses in mule deer diets reported 
by Smith, (2) average percent phorphorus in 
LaSal forbs times the proportion of forbs in 
the diet, and (3) the average percent phos- 
phorus in LaSal shrubs times the proportion 
of shrubs in the diet. For this example, we es- 
timate that mule deer diets on the LaSals 
should contain .18 percent phosphorus. 

The chemical composition of four alterna- 
tive diets has been estimated in Table 5. 
Three diets are based on feeding preferences 
reported by Smith (1952), Morris and 
Schwartz (1957), and Trout and Thiessen 
(1968). The fourth diet is based on the as- 
sumption that the deer select grasses, forbs, 


Taste 1. Chemical and physical characteristics of soils on the LaSal and Henry mountains study areas. 





ANALYSIS 
Organic 


Mountain Sand Silt Clay 
range pH % % % 


matter 


Nitrogen Phosphorus Potassium Calcium Magnesium 
% ppm ppm ppm ppm 





LaSal 
Moun- 


tains 6.3 48 46 6 8.11 


Warner Lake 


Henry 
Moun- 


tains 6.7 50 38 12 6.04 


Nasty Flats 


0.47 14.0 417.6 2090.4 105.6 


0.35 42.4 420.0 2822.4 166.4 





) 


June 1979 


and shrubs in exact proportion to their abun- 
dance in the vegetation. The results show 
chemical composition of diets differs relative- 
ly little regardless of the assumption used 
(Table 5). Furthermore, estimated chemical 
composition of diets does not differ radically 
between mountain ranges. Even the lowest 
estimates for each dietary constituent studied 
appear to be within safe limits for good ani- 
mal health (Dasmann 1971, Morrison 1961). 
The calcium/phosphorous ratio also seems to 
be within normal limits (Table 5). 
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DisCUSSION 


The results indicate that differences in 
plant chemistry between the two mountain 
ranges for the elements considered in this pa- 
per are probably not responsible for the ob- 
served reproductive differences between 
mule deer herds resident on the two moun- 
tain ranges. However, it cannot be concluded 
that summer range forage is not responsible 
for the observed differences in deer repro- 
duction. The digestible energy content is un- 
known for the species considered in this re- 


TABLE 2. Chemical composition of current year, aboveground growth of some major forage species of the summer 
ranges of the LaSal (L) and Henry (H) mountains of southeastern Utah. Specimens for analysis were collected on 26 
and 27 July 1976. Composition values have been averaged by plant life form group and mountain range. 


























SPECIES NiTROGEN PHOSPHORUS POTASSIUM CaLcium MAGNESIUM 
L H E H L H L H L H 
Percent 
GRASSES 
Agropyron trachycaulum 1.51 0.91 0.12 0.12 1.88 0.89 0.26 0.27 0.07 0.08 
Bromus carinatus 1.79 — 0.17 — 2.60 = 0.44 — 0.12 — 
Carex geyeri 1.16 — 0.12 — 1.81 — 0.34 - 0.13 = 
Elymus glaucus 1.82 — 0.13 — 2.61 — 0.35 — 0.09 — 
Festuca ovina — 1.30 — 0.11 — 1.06 — 0.26 — 0.07 
Festuca thurberi — 0.99 = 0.10 — 1.75 — 0.22 — 0.07 
Sitanion hystrix -= 1.15 — 0.11 — 1.64 — 0.17 — 0.06 
Stipa columbiana 1.19 1.11 0.12 0.13 1.82 1.55 0.33 0.33 0.08 0.08 
Average by mountain range 1.50° 1.09 0.132 0.118 2.148 1.38? 0.3 0.25> 0.16 0.07 
Pooled average 1.305° 0.123: 1.762 0.300° 0.085° 
Forss 
Chenopodium fremontii - 3.14 — 0.25 — 7.90 — 1.18 — 0.76 
Erigeron speciosus Dig — 0.18 — 3.35 - 1.01 — 0.15 — 
Helianthella quinquenervis 1.62 — 0.23 — 4.53 — 1.65 — 0.28 — 
Hymenoxys richardsonii -— 1.54 — 0.20 — 3.05 — 1.29 — 0.26 
Ligusticum porteri 1.55 — 0.19 — 4.74 — 1.34 = 0.25 — 
Lupinus parviflorus 2.49 — 0.15 -- 2.29 — 1.44 — 0.34 — 
Oxytropis sericeus — 1.92 — 0.18 — 1.91 — 0.98 — 0.16 
Penstemon watsonii — 1.12 — 0.15 — 1.88 — 1.16 — 0.26 
Senecio ambrosioides = 1.62 — 0.19 — 3.24 — 1.01 — 0.23 
Thalictrum fendleri 1.44 — 0.19 — 2.19 — 0.87 = 0.12 =- 
Average by mountain range ITA 1.878 0.18? 0.197 3.428 3.59% 1.26 1.124 0.234 0.3% 
Pooled average 1.8204 0.1924 3.5094 1.1954 0.2814 
SHRUBS 
Artemisia tridentata 
vaseyana — 1.92 — 0.20 — 2.09 — 0.49 — 0.15 
Populus tremuloides 1.96 1.51 0.13 0.15 1.06 1.38 1.20 0.60 0.20 0.17 
Prunus virginiana 2.57 — 0.30 — 1.55 = 1.71 — 0.33 - 
Ribes cereum — 1.19 — 0.20 — 1.02 — 0.94 — 0.26 
Rosa woodsii 1.84 1.86 0.19 0.22 1.09 1.27 1.03 1.59 0.33 - 0.38 
Salix lasiandra 2.59 — 0.16 — 1.29 — 1.33 — 0.26 — 
Symphoricarpos oreophilus 1.86 1.23 0.17 0.18 1.90 2.08 1.10 0.63 0.29 0.23 
Average by mountain range 2.164 1.54> 0.194 0.19 1.382 1.574 2c 0.854 0.287 0.24 
Pooled average 1.8539 0.1914 1.4744 1.0644 0.2624 


Superscripts a and b are used to indicate significance of difference (P<0.05 or better) of averages for a specific plant life form and nutrient element 
between mountain ranges. Pooled averages for a specific lifeform and element on both mountain ranges were tested for statistically significant differences 
from pooled averages of the same element in other life form groups on the same mountain ranges. Pooled averages that differ significantly (P<0.05 or 
better) have different superscripts (i.e., c and d); averages that do not differ significantly are followed by the same letter. 


port, but there is evidence that deer are 
unable to digest shrub tissue well enough to 
supply adequate energy for even mainte- 
nance requirements (Nordan et al. 1968, 
Walmo et al. 1977). Much data exist to show 
that forbs are generally more digestible than 
is shrub tissue (Nordan et al. 1968, Torgerson 
and Pfander 1971, Short 1971, Urness 1973, 
Snider and Asplund 1974, Walmo et al. 
1977). The data also suggest that grasses are 
more digestible than shrubs. If deer diets on 
the two mountains do diverge widely in re- 
spect to the mix of forbs, grasses, and shrubs, 
summer range forage may exert a significant 
influence on deer reproduction through the 
energy component of the diets. 


TABLE 3. Average relative contribution by weight of 
grasses, forbs, and shrubs to the forage crop of summer 
ranges on the LaSal and Henry mountains. Data from 
Pederson and Harper (1978, Table 4). 





Mountain Range 














Plant 

group LaSals Henries 
Percent 

Grasses 21 13 

Forbs 52 12 

Shrubs SAT 75 
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As noted in Table 3, the LaSal and Henry 
Mountains do differ greatly in composition of 
the forage crop of their summer ranges. Pe- 
derson (1970) has shown that the LaSals not 
only produce more forb biomass than the 
Henries, but that they also have about twice 
as many forb species for deer to select from 
as do the Henries (i.e., 90 forbs species sam- 
pled on the LaSals compared to 45 sampled 
on the Henries). Given the great difference 
between summer ranges on the two moun- 
tains, it seems likely that Henry Mountain 
deer consume more shrub and less forb tissue 
in summer diets than do animals on the LaS- 
als. 

Does that feed heavily on shrubs may have 
difficulty meeting the energy demands of 
daily maintenance, lactation, and weight 
gains required to compensate for weight lost 
on winter ranges. Cook’s (1972) data suggest 
that stress will be most severe in late sum- 
mer. Does that do become stressed by late 
season energy deficits could respond to the 
stress in at least three ways: (1) continue to 
lactate heavily at the expense of personal 
body condition, (2) lactate poorly and reduce 
body condition of the fawn and self, or (3) 
abandon the fawn and devote more energy to 
personal well-being. Option (1) would keep 


TABLE 4. Relative dietary intake (percent by volume) of plants of different life form groups by mule deer on sum- 








mer ranges. 

Location Grasses Forbs 
Southwestern Idaho 10 9 
Western Montana J 70 
Northern Utah 5 68 





- 
A 


Percent intake of 





Shrubs Source of data 
81 Trout and Thiessen (1968) 
29 Morris and Schwartz (1957) 
27 Smith (1952) 


TABLE 5. Comparative chemical composition of four possible mule deer diets on the LaSal and Henry mountains 


of southeastern Utah. 


LaSal Mountains 


Average % 





in four 

diets Range 
Protein LILO 11.6 -12.9 
Phosphorus 18 17-118 
Potassium 2.9 1.6 - 2.8 
Calcium 12 1 3 
Magnesium .24 22- .26 
Calcium/ phosphorus 6.7 6.5 - 7.2 


llenry Mountains 





Average % % differences 
in four based on 
diets Range averages 
10.2 9.5 -11.0 17 (LaSals higher) 
18 .18- .19 5 (Henries higher) 
2.4 1.7 - 3.0 5 (LaSals higher) 
9 8-10 29 (LaSals higher) 
.26 .23- .30 9 (Henries higher) 
5.0 4.4 - 5.3 34 (LaSals higher) 
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fawn survival high, but lower doe survival; 
option (2) would reduce survival of both does 
and fawns; and option (3) would drastically 
reduce fawn survival, but contribute to better 
doe survival. Low fawn production on the 
Henries may indicate that does there are 
exercising option (2) or (3) or both. 

The differential fawn production on the 
LaSal and Henry mountains could be better 
understood if the composition of summer diet 
in the two herds was known. With such data, 
digestibility studies of the major plant com- 
ponents in the diet could be made. Fortu- 
nately, recent developments in fecal pellet 
analysis make it possible to obtain direct in- 
formation about dietary composition at rea- 
sonable costs (Vavra et al. 1978). Plant diges- 
tibility can be economically estimated with 
in vitro methods (Urness 1973, Snider and As- 
plund 1974). 
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